INTRODUCTION
The detection of minute amounts of wt),ter in any fuel-based system is important. Its presence in a large underground tank might be a sign of a leak where fuel is flowing into the water table and causing an environmental problem. A simple and effective means of real time monitoring of small concentrations of dissolved water in fuel tanks is therefore needed. Due to their polar molecular structure both water and many hydrocarbons readily absorb 2 GHz microwave radiation. This singular phenomena can be used to detect water concentrations in hydrocarbon solutions by modulating the microwave field and detecting the thermal effect by means of a modification of the photoacoustic cell method [1] . Although hydrocarbons, as well as water, possess microwave absorption properties, the overall effect when thermal properties are taken into account allows for the detection of water. The emitted acoustic signal amplitude is dependent on thermal properties of the fluid. These properties are a function of relative concentrations of the components in a two fluid system. A relation between component concentration and acoustic emission amplitude can be found and this phenomena can be used in detection of one of the components. In the system presented here the fluid is applied to a strip line microwave transmission line and forms the high loss dielectric in the transmission line. The emitted acoustic signal is monitored with an attached polyvinyldedrafluoride (PVDF) microphone in the form of a PVDF foil fastened to the detector cell. This detector can be be made submersible and can stay in the tank for continuous monitoring. Essentially, our system is a single frequency microwave spectroscopy based detector which is tuned to the amplitude modulation frequency of the microwave excitation.
SENSOR STRUCTRURE AND OPERATION
A diagram of the stripline detector head can be seen in Figure 1 . The microwave electric field between the stripline and the substrate can be approximated to be perpendicular to the substrate and present only under the upper conductor of the line. A similar situation of a elongated, paralleliped shaped interaction region has been studied very thoroughly for laser heating by several authors (1, 2) . A simple photoacoustic theory can be used to predict the amplitude of the photoacoustic emission. The situation where an elongated, flat conductor with microwave excitation over a grounded flat area is submerged in a fluid is analogous to a laserbeam going through a fluid with a low absorption coefficient. In both situations a uniform heating pattern is created. The emitted acoustic signal sound pressure in the case of harmonically modulated laserlight and a cylindrical geometry is proportional to a materials parameter combination [3] Side view Conneclor Submersible high loss strip line cell.
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where A is a geometry related proportionality constant, (X is now the microwave absorption coefficient, 13 is the coefficient of volume thermal expansion, and Cp is the specific heat per unit volume. In a solution of two liquids, c p and 13 can be simply assumed to be a weighted average of the individual material properties and for simplicity <X is assumed to be the same for both fluids. The general behavior of the detected signal amplitude versus hydrocarbon content can be explained with this simple phenomenological treatment even without the absorption coefficient change taken into account as seen in Figure 4 . The background at zero water concentration is due to the microwave absorption in the sensor structure and in the hydrocarbon fluid.
SENSOR TESTING
The measurement setup is depicted in Figure 2 . A 2 W, 2 GHz microwave generator consisting of a Gun-diode and an amplifier was amplitude modulated at 1000 Hz and the the small acoustic signal from the PVDF-foil attached to the substrate was synchronously detected with a Lock-In analyzer. The stripline width and distance from the substrate was determined by requiring a 50 ohm impedance for the line when a solution with a small water concentration was applied. The RF-signal was sampled with a directional coupler giving a measure of the actual applied RF-voltage in the line. This voltage was recorded and the amplitude signal measured by the lock-in amplifier was normalized against it This gives a mismatch independent amplitude measurement The amplitude of the acoustic signal was recorded for different concentrations of water in ethanol. The result is seen in Figure 3 together with the theoretical prediction. As can be seen from the measured data points as well as from the theoretical curve, the signal amplitude decreases rapidly for even a small water concentration. Due to the change in microwave absorption coefficient and thermal properties water can be detected in a solution. Our preliminary laboratory version of the system is able to detect concentrations of water under 3% in ethanol. The feasibility of the concept is acceptable because as low power microwave generators are rather inexpensive since the use of modem transistor technology will readily generate the required 2 W to a matched load. The measurement system can be directly modified to include a reference cell by extending the transmission line to another interaction region that contains a liquid of known properties, in this case pure, noncontaminated fuel. A comparative measurement between these two cells would give an ambient temperature and fuel-type independent water detection system and would also vastly improve the sensitivity of the system by allowing a comparative, absolute amplitude independent measurement.
